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1  | INTRODUC TION







The	 “niche	position	hypothesis”	 (also	called	 the	habitat	availability	
hypothesis;	Hanski,	1993;	Venier	&	Fahrig,	1996)	asserts	 that	spe‐
cies	 capable	 of	 using	 the	most	 common	environmental	 conditions	
found	across	habitats	 in	a	region	 (i.e.,	a	central	niche	position)	will	
be	 both	 locally	 abundant	 and	widespread.	 These	 two	 hypotheses	
have	 been	 tested	 extensively	 across	 taxonomic	 groups,	 different	
climatic	regions	and	different	ecosystems,	both	regionally	and	across	
the	 geographical	 range	 of	 species	 (Martinez‐Meyer,	 Diaz‐Porras,	




is	 inconclusive	 (Dallas,	Decker,	&	Hastings,	 2017;	 Slatyer,	Hirst,	&	
Sexton,	 2013;	Weber,	 Stevens,	Diniz‐Filho,	&	Grelle,	 2017),	 and	 it	
is	unclear	whether	 this	 is	 attributable	 to	 statistical	 artefacts	or	 to	
failure	 to	 account	 for	 the	underlying	drivers	of	niche	breadth	 and	
position,	such	as	species	traits.
Species	 traits	 are	 increasingly	 being	 used	 to	 predict	 species–


















































Major taxa studied: Aquatic	invertebrates	from	tank	bromeliads.
Methods: We	measured	the	environmental	niche	position	and	breadth	of	each	spe‐
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strategies	 used	 by	 a	 species	 (Céréghino	 et	 al.,	 2018;	Winemiller,	
Fitzgerald,	 Bower,	 &	 Pianka,	 2015).	 As	 such,	 abundance	 and	 oc‐
cupancy	patterns	may	be	driven	by	combinations	of	several	traits	








cies	 traits	 to	 such	patterns	may	be	 through	 their	effect	on	niche	
properties	 (Figure	1,	bottom	panel),	but	this	possibility	has	yet	to	
be	tested.
Statistical	 artefacts	may	 also	 inflate	 apparent	 effects	 of	 niche	
position,	 niche	 breadth	 and	 traits	 on	 abundance	 and	 occupancy	
(Borregaard	&	Rahbek,	2010).	Given	that	habitats	have	a	limit	to	the	




dance	 and	occupancy	 could	 be	 attributed	 to	 a	 statistical	 artefact.	
Nevertheless,	attempts	to	disentangle	such	artefacts	from	biologi‐
cal	effects	when	explaining	abundance	and	occupancy	patterns	are	
rare	 (e.g.,	Rocha	et	 al.,	 2018;	Siqueira,	Bini,	Cianciaruso,	Roque,	&	
Trivinho‐Strixino,	2009),	 leaving	the	results	from	many	studies	dif‐
ficult	to	interpret.
Here,	 we	 use	 the	 aquatic	 invertebrate	 communities	 found	
within	 tank	 bromeliads	 to	 understand	 how	 species	 traits	 and	
their	niche	properties	 contribute	 to	 their	patterns	of	 abundance	
and	 occupancy.	 Tank	 bromeliads	 are	 plants	 within	 the	 fam‐
ily	 Bromeliaceae	 capable	 of	 accumulating	 rainwater	 and	 detri‐
tus	 in	 their	 leaf	 axils,	 forming	 a	 habitat	 for	 several	 invertebrate	
species;	most	notably,	 the	 immature	 stages	of	 insects	 and	other	
small	 invertebrates	 (Srivastava	et	 al.,	 2004).	Previous	 studies	on	
this	aquatic	microecosystem	suggest	that	these	invertebrates	are	
unlikely	 to	be	dispersal	 limited	and	 that	community	composition	
varies	predictably	along	environmental	gradients	related	to	plant	
size	(i.e.,	diameter,	water	volume	and	number	of	leaves;	Dézerald	
et	 al.,	 2013;	 Farjalla	 et	 al.,	 2012;	Marino,	 Srivastava,	 &	 Farjalla,	
2013;	 Petermann	 et	 al.,	 2015;	 Richardson,	 1999).	 Furthermore,	
evidence	 suggests	 that	 this	 species–environment	 association	 is	
unlikely	to	be	explained	by	spatial	autocorrelation	in	environmen‐
tal	 conditions	 (Marino	 et	 al.,	 2013,	 2017),	 but	 by	 differences	 in	
species	life‐history	traits	(e.g.,	environmental	tolerance	and	feed‐
ing	 guild;	Dézerald,	 Céréghino,	 Corbara,	Dejean,	 &	 Leroy,	 2015;	
Dézerald	et	al.,	2017).	Céréghino	et	al.	 (2018)	 recently	compiled	











artefacts.	 Our	 approach	 allowed	 us	 to	 quantify	 the	magnitude	 of	
these	relationships	within	and	across	study	sites.	We	hypothesized	
that	 the	 trait	differences	of	 species	govern	 their	niche	properties,	
and	thus	are	indirectly	related	to	abundance	and	occupancy	patterns	
(Figure	1,	 bottom	panel).	 Importantly,	 there	 are	 two	opposing	 hy‐
potheses	 that	 link	differences	 in	 traits	 to	 species	 abundances	and	
distributions.
First,	 a	 distinct	 combination	 of	 traits	 may	 allow	 a	 species	
to	 explore	 a	 broad	 range	 of	 environmental	 conditions.	 This	 can	
occur	 because	 distinct	 trait	 combinations	 map	 onto	 multivariate	
environmental	 conditions	 better	 than	 an	 average	 of	 all	 traits	 or	
because	distinct	traits	weaken	biotic	interactions,	such	as	compe‐
tition,	 reducing	 their	 negative	 effects	 across	 a	 range	 of	 environ‐
ments	 (Bernard‐Verdier	 et	 al.,	 2012;	 Loughnan	 &	 Gilbert,	 2017).	
In	 either	 case,	 such	 functionally	 distinct	 species	 are	 expected	 to	
have	 broader	 niche	 breadths	 and	 live	 in	 the	most	 common	 envi‐








could	 occupy	 either	 central	 or	 marginal	 habitats	 (Figure	 1,	 P1b).	
Through	the	niche	breadth	hypothesis,	such	habitat	specialization	




ships	 between	 niche	 breadth,	 niche	 position,	 abundance	 and	 oc‐
cupancy	are	unlikely	to	be	explained	solely	by	statistical	artefacts.
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2  | METHODS























plant,	 leaf	 by	 leaf,	 and/or	 from	 the	 water	 extracted	 from	 each	
bromeliad	 and	 were	 identified	 using	 regional	 taxonomic	 keys	
and	our	reference	collections.	We	found	489	distinct	taxonomic	
units	 across	 all	 tank	 bromeliads	 sampled	 :	 all	 individuals	 were	
identified	to	morphospecies	belonging	to	a	genus	(42%)	or	family	
(42%),	while	a	 few	were	 identified	only	 to	order	 (9%).	This	mor‐
phospecies	approach	was	a	valid	method	here,	because	our	level	
of	analysis	requires	only	within‐site	consistency	in	species	iden‐










respiration	 mode,	 locomotion	 mode,	 food,	 feeding	 group,	 cohort	
production	 interval	 (the	 time	 from	 hatching	 to	 emergence),	 mor‐


























lated	 the	average	 functional	distance	of	each	species	 to	 the	other	




describes	 the	 degree	 to	which	 species	 diverge	 from	 the	 ‘average’	
trait	 combination	 found	 in	 the	 species	 pool;	 values	 closer	 to	 one	
represent	species	that	are	functionally	dissimilar	from	all	other	taxa.








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ures	 define	 the	 realized	 environmental	 niche	 of	 each	 species	 at	
each	site.
We	calculated	the	niche	position	and	breadth	of	each	species	at	













some	of	which	appeared	 in	more	than	one	site	 (e.g.,	 the	damselfly	
Leptagrion andromache	in	Macae	and	Ilha	do	Cardoso;	Table	1).	We	




lating,	 for	 each	 species,	 the	 site‐specific	 trait	 distinctiveness	with	
the	 niche	 position	 and	 breadth	 measures.	 Although	 data	 on	 trait	
distinctiveness	were	available	for	all	invertebrate	species	initially	re‐
corded	in	each	site,	this	was	not	the	case	for	their	niche	properties.	
Therefore,	 all	 analyses	were	 constrained	 to	 a	 set	 of	 712	observa‐







2.5.1 | Can trait distinctiveness and niche properties 
explain abundance and occupancy?
Our	main	hypothesis	posits	direct	and	 indirect	effects	of	 trait	dis‐
tinctiveness	and	niche	properties	on	the	abundance	and	occupancy	
patterns	 of	 aquatic	 invertebrates	 (Figure	 1).	 Given	 these	 hypoth‐
esized	 relationships	among	variables,	where	variables	can	be	both	
predictors	 and	 responses,	 a	 piecewise	 structural	 equation	 model	
(pSEM;	 Lefcheck,	 2016;	 Shipley,	 2000)	would	 be	 a	 useful	 statisti‐





each	 study	 site	 and	 coupled	 it	with	 a	meta‐analysis	 of	 the	 results	
(Gurevitch,	2013).
For	 the	within‐site	analysis,	we	used	 three	models	 to	describe	
the	 hypothesized	 paths	 in	 pSEM.	 The	 first	 model	 used	 the	 trait	
distinctiveness	 of	 each	 species	 as	 a	 fixed	 predictor	 of	 their	 niche	
breadth	 (Figure	1,	bottom	panel,	path	from	trait	distinctiveness	to	
niche	breadth).	The	second	model	used	the	trait	distinctiveness	of	















fit	 of	 the	models	 to	 the	 data	 [untransformed	 occupancy	 :	 Akaike	
information	 criterion	 (AIC)	 =	 86.25,	 deviance	 =	 78.25;	 logit‐trans‐
formed	 occupancy	 :	 AIC	 =	 2,632.62,	 deviance	 =	 2,624.62]	 and	 a	
previous	meta‐analysis	suggested	that	the	way	in	which	occupancy	




















inverse	 of	 its	 sampling	 variance	 (SE2	 of	 the	 standardized	 path	 co‐
efficient;	Rosenberg,	Rothstein,	&	Gurevitch,	2013),	and	quantified	
two	measures	of	heterogeneity	in	the	estimated	overall	effect	sizes	





of	 the	 total	variation	 in	 the	overall	effect	size	attributed	 to	differ‐
ences	 between	 sites	 (i.e.,	 between‐site	 heterogeneity	 :	 total	 het‐
erogeneity	 ratio).	We	verified	 the	parametric	assumptions	of	each	
model	by	visually	 inspecting	 the	data	and	 residual	plots.	We	used	





2.5.2 | Do statistical artefacts 
explain the relationships between niche properties, 
abundance and occupancy patterns?
One	way	to	examine	whether	statistical	artefacts	account	for	the	
relationship	 between	 niche	 properties	 and	 abundance	 (or	 occu‐




of	 the	 sites	 we	 studied,	 we	 could	 determine	 whether	 observed	
patterns	 are	more	 likely	 to	 be	 attributed	 to	 statistical	 artefacts	
or	biological	effects.	To	this	end,	we	used	the	IT	null	model	from	
Ulrich	 and	Gotelli	 (2010),	 which	 assigns	 individuals	 randomly	 to	
habitat	 patches	 with	 probabilities	 proportional	 to	 their	 relative	
abundance	 in	 the	 data	 set.	 Benchmark	 tests	 show	 that	 this	 null	
model	has	fairly	low	type	I	error	rates	and	good	statistical	power	
to	 test	 the	 null	 no	 species	 ×	 environment	 associations	 (Ulrich	&	
Gotelli,	2010).
To	implement	this	null	model,	we	first	calculated	the	total	num‐





timated	 their	 niche	 position	 and	 breadth	 under	 this	 null	 expec‐
tation,	 in	 addition	 to	 their	 expected	mean	 local	 abundance	 and	
occupancy.	We	then	fitted	two	GLMs	using	species	niche	breadth	
and	position	as	predictors,	but	using	either	the	species	mean	local	
abundance	 or	 the	 relative	 occupancy	 as	 response	 variables.	We	
repeated	this	procedure	1,000	times	for	each	site	and	calculated	
the	average	and	the	SD	for	those	expected	slopes	across	all	runs.	





where	 βobs	 slope	 represents	 the	 observed	 slope	 of	 the	 relationship	
between	a	species’	mean	local	abundance	or	occupancy	and	niche	
properties	 (i.e.,	 niche	 position	 →	 mean	 local	 abundance,	 niche	











3.1 | Trait distinctiveness, niche properties and 
abundance–occupancy patterns
We	 found	 weak	 support	 for	 any	 relationship	 between	 trait	 dis‐










abundance (overall βposition	→ abundance	=	−0.29,	95%	CI	=	−0.44	to	
−0.15;	Figure	3b;	Appendix	S1,	Figure	S1.5),	 suggesting	 that	 the	
least	abundant	and	least	frequent	species	were	those	using	mar‐
ginal	 environmental	 conditions.	 In	 addition,	 we	 found	 an	 over‐
all	 positive	 relationship	 between	 niche	 breadth	 and	 occupancy	
(overall βbreadth	→	occupancy	=	0.11,	95%	CI	=	0.05	to	0.16;	Figure	3f;	
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species	 with	 broader	 niches	 were	 widespread	 within	 sites	 but	
were	not	necessarily	locally	abundant.
Differences	between	 sites	 contributed	 to	 some	heterogene‐
ity	 in	 the	overall	 effect	 sizes	 found	 for	each	path,	 as	 suggested	
by	 the	QT and I
2	metrics	 (Table	2;	 see	Appendix	S2).	 In	general,	
the	relationship	between	niche	properties,	abundance	and	occu‐
pancy	differed	mostly	 in	magnitude,	but	not	 in	direction,	across	
sites,	 whereas	 the	 relationship	 between	 trait	 distinctiveness	
and	 niche	 properties	 differed	 in	 both	 direction	 and	 magnitude	




Site‐specific	 pSEMs	 presented	 a	 good	 fit	 to	 the	 data,	 espe‐
cially	 after	 the	 addition	 of	 a	 few	 missing	 paths	 in	 some	 models	
(Appendices	S2	and	S3).	However,	the	addition	of	these	and	other	
paths	 was	 rare	 across	 the	 pSEMs	 (i.e.,	 a	 direct	 path	 from	 trait	
distinctiveness	to	occupancy	only	in	Saba;	see	Appendix	S2)	and	is	
not	discussed	further.









results	 indicate	 that	 most	 of	 the	 niche	 position	 effects	 we	 found	
could	be	attributed	to	biological	mechanisms,	whereas	those	of	niche	
breadth	 could	be	attributed	 to	 statistical	 artefacts.	 In	other	words,	
statistical	artefacts	alone	cannot	explain	all	the	patterns	we	found.
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4  | DISCUSSION
Understanding	 whether	 and	 how	 species	 traits	 and	 their	 niche	















facts,	but	 those	of	niche	position	were	not.	This	suggests	 that	 the	
























numerical	 effects	 (i.e.,	 species	 with	 more	 individuals	 occupying	 a	
greater	number	of	habitat	types	simply	as	a	result	of	random	place‐
ment).	 Given	 the	 potential	 for	 statistical	 artefacts	 to	 account	 for	
some	of	the	observed	relationships	between	abundance,	occupancy	
and	niche	properties	 (in	 particular,	 niche	breadth),	we	 recommend	
that	appropriate	null	models	be	selected	in	future	studies.
Species	 traits	are	expected	 to	be	 related	 to	 the	environmental	
conditions	where	species	are	found	and	also	to	determine	how	abun‐
dant	they	can	be	in	those	conditions	(Lavorel	&	Garnier,	2002;	McGill	
et	 al.,	 2006).	 Nonetheless,	 we	 found	 little	 evidence	 that	 species	
TA B L E  2  Heterogeneity	measures	from	the	random‐effects	
meta‐analysis	models	on	each	path




























TA B L E  3  Results	of	the	null	model	approach	comparing	the	
observed	and	expected	slopes	for	the	relationship	between	species’	
mean	local	abundance	(or	occupancy),	niche	position	and	breadth
Location zNP → Abund zNB → Abund zNP → Occup zNB → Occup
Kohunlich 2.49 −0.67 −0.23 −0.45
El	Verde 15.43 0.03 1.51 0.01
Saba 23.09 −3.24 7.16 −0.42
Dominica 4.04 −0.67 2.44 1.03
Pitilla 2.48 0.7 −0.87 0.78
Sinnamary 8.68 −0.83 0.28 0.61
Petit	Saut 8.68 −0.68 4.98 −0.42
Guasca 4.62 −3.4 0.39 0.56
Kaw 5.15 0.13 1.97 0.83
Nouragues 0.42 2.06 −5.4 5.49
Macaé 12.99 −0.72 5.36 1.8
Maricá 5.1 0.79 2.74 1.01
Arraial	do	
Cabo
1.87 1.86 1.28 2.07
Ilhabela 2.35 0.64 2.81 0.37
Ilha	do	
Cardoso
5.47 0.71 1.81 0.99













have	also	 reported	 that	 species	 traits	 either	 fail	 or	 are	weakly	 re‐
lated	to	abundance	and	occupancy	(Heino	&	Grönroos,	2014;	Heino	
&	Tolonen,	2018;	Rocha	et	al.,	2018;	Tales	et	al.,	2004).	These	studies	
often	attribute	 this	 lack	of	predictive	capacity	 to	a	poor	choice	of	
the	traits	used	in	analyses,	in	addition	to	their	inadequate	coding	and	
the	 selection	of	 the	wrong	environmental	gradients.	However,	we	
chose	 traits	 that	 are	 strongly	 correlated	with	 aquatic	 invertebrate	
distributions	(Poff	et	al.,	2006)	and	that	describe	the	main	ecological	
strategies	predicted	by	 the	 life‐history	and	habitat	 template	 theo‐




methodological	 limitations	 cannot	explain	why	 species	 traits	were	










tribution	 of	 the	 hypothesized	 drivers	 to	 observed	 abundance–oc‐
cupancy	patterns,	 even	when	 the	 same	broad	 taxonomic	 group	 is	
considered	 in	 a	 similar	 type	 of	 habitat.	 The	 reasons	 for	 this	 large	
heterogeneity	 among	 the	 sites	we	 examined	 are	 still	 unclear,	 and	
exploring	 them	 is	 beyond	 the	 scope	 of	 this	manuscript.	However,	
we	offer	a	few	insights	that	might	be	addressed	by	future	studies,	
as	follows.
First,	 the	 niche	 properties	 of	 each	 species	 were	 measured	
in	multivariate	 space;	 each	of	 the	 three	bromeliad	 size	 variables	
(i.e.,	plant	diameter,	water	volume	and	number	of	 leaves)	may	be	
related	to	species	traits	 in	different	ways,	 resulting	 in	no	net	re‐







&	 Lechowicz,	 2006).	 Third,	 the	OMI	method	measures	 the	 real‐
ized	niche	of	each	species,	not	the	fundamental	niche.	As	such,	it	
might	also	be	that	other	unmeasured	factors	related	to	bromeliad	




Atwood,	 Corvalan,	 &	 Srivastava,	 2015;	 Marino,	 Srivastava,	 &	





networks	 are	 sensitive	 to	 species	 abundances	 or	 other	 environ‐
mental	 contexts	 (Poisot,	 Stouffer,	 &	 Gravel,	 2015).	 In	 addition,	
we	do	not	expect	spatial	effects	within	sites	to	contribute	to	the	
patterns	we	found,	given	that	previous	studies	suggest	that	these	






on	ecological	 communities.	Fourth,	we	did	not	 consider	 the	 role	
of	phylogenetic	non‐independence	in	driving	associations	among	
traits,	 abundances	and	occupancy	 (Borregaard	&	Rahbek,	2010),	
given	that	a	phylogeny	of	bromeliad	 invertebrates	 is	still	 lacking.	
Future	 work	 on	 trait–environment	 relationships	 could	 examine	
how	 species	 traits	 change	 along	 environmental	 gradients	within	
and	across	sites,	what	determines	the	biogeographical	distribution	
of	 these	 traits,	 whether	 trait	 matching	 between	 predators	 and	
prey	 predicts	 their	 occupancy	 patterns,	 and	 the	 role	 of	 phylog‐
eny	in	such	associations.	Furthermore,	we	analysed	species	abun‐
dance	and	occupancy	separately,	as	in	previous	studies	(reviewed	
by	Heino	&	Tolonen,	2018).	However,	 it	would	be	 interesting	 to	




example,	 by	 building	 null	models	 for	 the	 slopes	 to	 test	 how	 the	
addition	of	different	mechanisms	changes	the	relationship.
In	 summary,	 the	 ability	of	 species	 to	exploit	 common	habitats	
is	the	main	driver	of	species	abundance	and	occupancy	patterns	in	
aquatic	 invertebrates	 of	 tank	 bromeliads.	 The	 consistency	 of	 this	
result	across	sites	suggests	 that	 this	pattern	 is	 robust	despite	dif‐
ferences	in	evolutionary,	climatic	and	other	structuring	forces	act‐
ing	 on	 these	 communities	 over	 the	 broad	 geographical	 gradient	
that	we	examined.	Our	study	also	found	a	limited	ability	of	species	
traits	to	explain	such	patterns	directly	or	indirectly	and	a	relatively	
large	 role	 of	 statistical	 artefacts	 in	 accounting	 for	 the	 effects	 of	
niche	breadth	on	the	patterns	we	examined.	Given	the	 interest	 in	
understanding	 the	 contribution	 of	 different	 drivers	 to	 abundance	
and	occupancy	patterns,	these	results	highlight	the	need	for	future	
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The Bromeliad Working Group	 is	 an	 international	 network	
of	 researchers	 studying	 the	 faunal	 food	 web	 inhabiting	
water‐filled	bromeliads.	Our	objective	 is	 to	use	this	system,	
naturally	 replicated	 from	Florida	 to	Argentina,	 to	develop	a	
synthesis	of	community	ecology,	biogeography	and	phylog‐
eny.	To	realize	this	aim,	we	have	developed	a	large	database	
of	 survey	 data	 and	have	 conducted	 replicated	 experiments	
over	both	hemispheres.
